The objective of this retrospective cohort study from two tertiary centres in the UK was to describe the pregnancy outcomes of women with sickle cell disease (SCD) who booked at these centres between 2004 and 2008, and to compare this with historical data. The study population comprised 122 singleton pregnancies in women with SCD: homozygous sickle cell disease 64, sickle cell haemoglobin C disease 45, sickle b plus thalassaemia 11, sickle cell haemoglobin E disease 1 and sickle cell delta disease 1 from 2004 to 2008 managed in the joint haematology/obstetric antenatal clinics in two tertiary teaching hospitals. The main outcome measures were the frequency of sickle cell crises and obstetric complications. Age and gestation at booking were 18 -43 years (mean 29.7) and 9-36 weeks gestation (mean 17.3), respectively. Complications of SCD occurred in 25% of pregnancies. Fiftyfour percent of women had induction of labour and 39% were delivered by emergency caesarean section. Thirty-three percent had a postpartum haemorrhage. Nineteen percent of women delivered before 37 completed weeks. Birth weight below 2500 g occurred in 20% of singleton pregnancies. Three neonates developed transient complications related to maternal opiate exposure postnatally. Three intrauterine deaths occurred at 24, 29 and 34 weeks. Two of these had congenital defects, and the other severe intrauterine growth restriction. No maternal deaths occurred. Successful pregnancy outcomes can be achieved in SCD. There has been an improvement in fetal and maternal morbidity and mortality compared with historical data. Pregnancy in women with SCD remains high risk. Early access to antenatal care and to expertise in SCD is essential. A matched control population from the same time period and prospective data collection is needed to address confounders such as ethnicity and deprivation.
INTRODUCTION
Sickle cell disease (SCD) is a heterogeneous disorder of increasing national importance in the UK. 1 There are approximately 12,000 people affected by SCD in the UK and it has a prevalence of almost one in 2000 live births. 1 It is well established that SCD in pregnancy is associated with an increase in maternal and fetal complications. 2, 3 Maternal complications include preeclampsia, increased vaso-occlusive crises, thromboembolism and maternal death. 4 Fetal complications include increased rates of preterm delivery, intrauterine growth restriction (IUGR) and perinatal mortality. 4 While there have been recent cohort studies from Jamaica 5 and the USA, 6, 4 there has been little work on pregnancy outcome in patients with SCD in the UK, and there have been considerable changes in this time in both obstetric and sickle care. This study aims to assess pregnancy outcome of SCD in two tertiary referral centres in the UK and compares the outcome with previous published studies.
SUBJECTS AND METHODS
We conducted a retrospective study of women who booked antenatally with SCD at Guy's and St Thomas' NHS Foundation Trust (GSTFT), Queen Charlotte's and Chelsea Hospital (QCCH) and Hammersmith Hospital between 2004 and 2008. Both GSTFT and QCCH/Hammersmith are tertiary obstetric centres in London, who have large sickle obstetric practices based on their local populations and referral patterns. The patients were identified using the joint obstetric/haematology antenatal clinic appointment lists. The study population comprised 122 singleton pregnancies (two twin pregnancies were excluded) in women with SCD: homozygous sickle cell (SS) disease 64, sickle cell haemoglobin C disease (SC) 45, sickle b plus thalassaemia (Sb þ ) 11, sickle cell haemoglobin E disease (SE) 1 and sickle cell delta disease (SD) 1.
All patients received care as per our local protocol, which included low-dose aspirin (75 mg daily) because of the associated risk of preeclampsia, 7, 8 and, if there was a personal or family history of thrombosis, prophylactic low molecular weight heparin.
The information about each pregnancy was collected from paper hospital records and electronic patient records including Terranova Healthcare and the Haemoglobinopathy database.
The information in this database is completed by midwives after formal training and security access. Accuracy is maintained by daily quality and data checks. The woman's identification, gestation at booking, age at delivery, haeamoglobinopathy, gestational age at delivery, mode of delivery, delivery outcome, birth weight, blood loss at delivery, coexisting medical conditions and complications during pregnancy and labour were recorded. Gestational age of the fetus was calculated from the last menstrual period and/or ultrasound dating. An intrauterine death or stillbirth was defined as at or after 24 weeks gestation. Neonatal death refers to the death of a live born baby within 28 days. Pregnancy induced hypertension (PIH) was defined as a blood pressure .140/ 90 mmHg after the 20th week gestation. Preeclampsia was defined in the same way but with significant proteinuria (.0.3 g in 24 hours). Postpartum haemorrhage was an estimated loss of 500 mL or more of blood following delivery of baby. The incidence of birth weight ,2500 g was recorded.
All pregnancies in women with SCD in these hospitals are managed in the joint obstetric/haematology clinics, so it was possible to identify all SCD pregnancies during the study period. Women who attended the antenatal clinic during this time but delivered elsewhere were excluded.
RESULTS
Mean age at booking was 29.7 years (range 18 -43 years) and mean gestation at booking was 17.3 weeks (range 9-36 weeks). The obstetric complications are outlined in Table 1 . The majority of women underwent induction of labour (54%) and 39% were delivered by emergency caesarean section (EMCS; see Figures 1 and 2) . Nineteen percent of women delivered before 37 completed weeks of gestation. Birth weight ,2500 g occurred in 20% of singleton pregnancies. Three neonates developed transient complications related to maternal opiate exposure postnatally. Three intrauterine deaths occurred at 24, 29 and 34 weeks. Two of these had congenital defects, and the other severe IUGR. No maternal deaths occurred. Sickle crisis requiring admission occurred in 25% of pregnancies.
DISCUSSION
Women with SCD have increased risk of both medical and obstetric complications in pregnancy. 9 The UK experience of pregnancy outcome in these women has been documented in three previous studies. In 1983 Tuck et al. 10 reported a series of 125 pregnancies over the six-year period of 1975-1981. The main complications were sickle crises (38%), anaemia (65%), infections (61%) and severe PIH (5%). The incidence of miscarriage, preterm delivery and both emergency and elective caesarean section were greater than background. Mean infant birth weight was significantly lower and there was a perinatal mortality rate of 48 per 1000 live births. There were no features identified that would be of predictive value in determining those pregnancies that would later develop severe complications. There were no maternal deaths in this current series.
More recently Howard et al. 11 (see Table 2 ) reported the findings of his multicentre study, which included 81 pregnancies complicated by SCD over the period 1991-1993. At the time the main therapeutic tool in the management of women with SCD during pregnancy was prophylactic blood transfusion, although its benefit is yet to be established. There were increased rates of preterm delivery and EMCS. The perinatal mortality rate was 60 per 1000 live births. There were two maternal deaths in this series.
The high rate of caesearean section in our series is due to fetal compromise. Improved fetal monitoring has led to increased likelihood of intervention. Close ultrasound monitoring to assess for fetal wellbeing has also been a valuable tool. 12 The HbSS phenotype has a higher rate of sickle-related complications compared with other phenotypes. 5 This finding was confirmed in our study even though the numbers were small. The main sickle complication identified was an increase in vaso-occlusive crises usually occurring after 20 weeks gestation. Other complications were recurrent urinary tract infections, chest infection, papillary necrosis, pulmonary embolus and hyperhaemolysis. There were no maternal deaths in this series. Previous series have shown thromboembolism is a major cause of death in this group of women. 13 Our local guidelines advocate low-dose aspirin as primary prophylaxis against preeclampsia, and low molecular weight heparin in those with a personal or family history of thrombosis. If the delivery is operative, we suggest continuation for six weeks postpartum. The uptake of this is variable.
Maternal opiate use during pregnancy is a problem if women are seen at multiple units. This is reflected in three neonates developing transient complications postnatally related to maternal opiate use.
Although improvements have been made compared with historical data, pregnancy in women with SCD remains high risk. Early access to antenatal care, close fetal monitoring and expert maternal supervision in SCD is essential.
This series is limited due to its retrospective, observational nature. In addition, findings of studies from one country 5, 6 cannot always be generalized to other countries. There must be consistency of findings between cohorts in different geographical locations, by different investigators and in different time periods. Thus, our study from a UK cohort adds to the evidence that a dedicated team caring for pregnant women with SCD may result in improved outcome. In addition, there should be consistent evidence from other types of studies such as case control and prospective studies to corroborate these findings. We are currently undertaking a UK-wide prospective case control study through United Kingdom Obstetric Surveillance System. 14 
